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Introduction

1
Observations of Earth's internal magnetic field reveal that its largest component 2 is that of the axial dipole, which has been in decline since at least 1840 by a rate The coefficient g 0 1 can be computed with knowledge of the radial magnetic 10 field B r on the core-mantle boundary (CMB) through evaluation of the integral: where t is time, r is the position vector, a and c are the radii of the Earth and its
12
outer core respectively, θ is colatitude and S is the area of the CMB (Gubbins, 13 1987). 
18
Temporal variation in B r , and therefore in |g 2016b). In frozen-flux models field evolution is rather restricted, there can be no 46 net change in magnetic flux through a given RFP and RFPs are not allowed to merge or divide (Backus, 1968) . This may be a problem as the intensification of 48 reversed flux may well be the result of flux expulsion (Bloxham, 1986) from using frozen-flux models.
56
In this study, we build upon this previous work to address three objectives. constructed using a degree of truncation l eq max < 14 will in general not align with 123 null-flux curves of the degree 14 magnetic field used in this study. equator.
143
Secondly, we found that the magnetic equator constructed by the algorithm of minimises χ i has an an associated ζ i < 3π/4. We then accept this candidate point 160 as the next location on our discrete magnetic equator.
161
Having defined the magnetic equator we assign the dominant radial magnetic Fig. 2i and 2j ). We assert that for the field models This effect is quantified in Figure 3a where we show the combined reversed evolution of reversed flux, and we therefore deem it unacceptable for our analysis.
197
Of additional interest in this figure is that although the results for COV-OBS.x1 
205
A magnetic equator that is defined using a low degree of truncation will limit the magnetic equator, as it still yields jumps in magnetic equator morphology.
222
These jumps can not be detected from the A R time series (Fig. 4) ; however, they B r (r, t) cos θ dS
The above expression explictly shows how g 
which represent, respectively, the combined reversed surface area (note that A N (t)+
304
A R (t) = S ), the average unsigned B r over S R/N , and the average unsigned cosine 305 latitude weighting factor average over S R/N .
306
The time-dependency of A R has already been shown in Fig. 3b . As mentioned 307 above it shows a gradual growth over the 20 th century which amounts to a rela-
308
tive increase of about 11% for the COV-OBS.x1 ensemble average and more than 309 30% for gufm1. The correlation between these increases and those in g (Table 1) .
329
The evolution of the normal field is characterised by the time-series of the (Table 1) . first-order estimates of each of these effects are given in Table 1 . We found that 360 roughly two-thirds of the decay over the 20 th century may be attributed to RFPs 361 and one-third to the evolution of the normal field. Although normal field provides 362 a smaller contribution, it is sufficiently significant such that the decay of the axial 363 dipole can not exclusively be attributed to the reversed part of the field (Gubbins, 1987) . However, given that the total reversed surface area relative to the area of 365 the CMB is 20% at most, the axial dipole appears to be particularly sensitive to 366 changes in the reversed portion of the field compared to the normal field.
367
Third, we find that in the field models considered, the most important contri- RFPs plateaued at around epoch 2000 (Fig. 9a) ; the continuing decrease of g 0 1
374
since that time is primarily due to increases in the average amplitude of reversed 375 flux within the RFPs (Fig. 9b) . field, but its contribution to axial dipole decay appears to be relatively small. It is 392 possible that these discrepancies can be explained by the fact that the flow models 393 from the previous studies are constrained by the frozen-flux approximation, unlike 394 our approach.
395
In this study we compared results from COV-OBS.x1 and gufm1; although our descriptive quantities than COV-OBS.x1 (Fig. 3, 8a and 9 ). Despite these 408 differences, the general trends agree and therefore both models support the con-
409
clusions that we have reached. The combined reversed to CMB surface area ratio A R /S as a function of time for all COV-OBS.x1 ensemble members, using a magnetic equator with l eq max = 14 (a) and l eq max = 3 (b). Shown are the results for gufm1 (black curve), the COV-OBS.x1 mean model (dark red curve), and all COV-OBS.x1 ensemble members (thin red curves). The thick light red curve is the average among the results for the ensemble members, and the dark and light gray areas correspond to confidence intervals of one and two times the standard deviation, respectively. 
